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Introduction
Much of the U.S. Corn Belt is characterized by relative flat, poorly-drained areas which with extensive 
subsurface drainage, have become some of the most valuable and productive agricultural land in the world. 
However, this is not without consequences. Nitrate-N loss from these systems is of particular concern 
due to its potential adverse impacts on both public health and ecosystem function. In addition to the 
potential local impacts on receiving waters in the Corn Belt, nitrogen loads from the region are suspected 
as a primary contributor to hypoxia in the Gulf of Mexico. Iowa has long been a leader in balancing 
agricultural production and water quality concerns and in 2013 the Iowa Department of Agriculture and 
Land Stewardship released a nutrient reduction strategy in response the 2008 Gulf of Mexico Hypoxia 
Task Force Action Plan. In the Iowa Nutrient Reduction Strategy Nonpoint Source Science Assessment, 
plot-scale practice performance was used to estimate the aggregated impact of implementing a variety 
of practices. However, there is a need to validate this approach based on catchment-scale monitoring 
across a range of land use and practice combinations where crop management and crop yield information 
is collected on a field by field basis. In addition, the statewide assessment used aggregated nitrogen 
management information but there is a need to better understand nitrogen management to assess potential 
water quality and profitability benefits of improved nitrogen management. Toward that end, we are 
collecting field-scale management information on five drainage districts in northwest Iowa where drainage 
has been improved. In addition, wetlands have been installed at the exit of these drainage districts so by 
examining monitoring we can assess overall impact of in-field management which is the in-flow to the 
wetland and then performance of the wetland with wetland outlet monitoring. 
Materials and methods
Using one-on-one visits to producers in five drainage districts in northwest Iowa we have been able to 
collect nutrient management and crop yield information from producers willing to share this information. 
The drainage districts range in size from about 1200 acres to 2500 acres (Table 1). The wetland pool at the 
exit of these drainage districts is approximately 1% of the drainage district area. 
Results and discussion
From reported information we have computed mean N rate and area-weighted average N-rate for each 
of the drainage districts for 2015 (Table 2). In addition, based on this information and the nitrate-N 
in drainage vs nitrogen application rate curve from Gilmore City (Figure 1), we estimated nitrate-N 
concentration based on mean N-rate, area-weighted N-rate, and if the N rate was at the Maximum 
Return to Nitrogen level. From this it seems there are at least some of the producers that have potential to 
improve profitability and water quality by examining nitrogen application rate. We have also compared 
the application rate to corn yield for both corn following beans and corn following corn (Figure 2). The 
area-weighted N rate for corn following beans was 161 lb-N/acre and the area-weighted N rate for corn 
following corn is 238 lb-N/acre. The percent of fields in various N application ranges is shown in Figure 3. 
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From water quality monitoring in 2015, the flow-weighted nitrate-N concentration ranged from 16 mg/L to 
23 mg/L and the nitrate loss ranged from 45-73 lb/ac/yr. for the five drainage districts. The nitrate-N load 
reduction by the wetlands was about 30% in 2015 which was a fairly wet year in this area. 
Conclusions
Understanding in-field nitrogen management on specific fields is critical for assessing gains that can be 
made with 4R nitrogen management. On aggregate, the nitrogen rates compiled as part of this study are 
in the same range as estimates that were part of the Iowa Nutrient Reduction Strategy Nonpoint Source 
Science Assessment. However, from information collected as part of this project there are some fields were 
improvements in nitrogen management could benefit producer profitability and water quality. This work 
will continue for future years to assess using simple tools for predicting nitrate-N loss at the catchment 
scale as well as to continue monitoring performance of these systems over a range of weather conditions. 
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 Table 1. Acreage of drainage districts
Drainage District Total Area (acres)
DD8 1188
DD65 2523
DD48-81 1962
DD15N 2423
DD178 2442
Table 2. Summary of N rate and estimated Nitrate-N concentration in drainage by drainage district in 2015
Drainage 
District
Mean N-rate 
(lb/acre)
Weighted avg. 
N-rate (lb/acre)
Estimated NO3-N 
concentration 
from mean N-rate 
(ppm)
Estimated NO3-N 
concentration 
from weighted 
avg. N-rate (ppm)
Estimated NO3-N 
concentration 
using MRTN 
(ppm)
DD15N 222 246 23.2 30.6 17.1
DD178 157 164 13.9 14.8 12.5
DD48-81 170 176 17.4 16.4 14.5
DD65 166 192 16.6 22.6 14.2
DD8 190 193 18.2 18.8 14.6
Avg. 181 196 16.5 20.8 14.8
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Figure 1. Nitrate-N concentration in drainage water as a function of nitrogen application rate to corn in a corn-
soybean rotation from Lawlor et al. 2008.
Figure 2. Comparison of N-rate to corn yield for 2015
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Figure 3. % of fields at various N application rates for (a) corn following beans and (b) corn following corn.
